Objective: To provide new evidence regarding the suitability of using quality of life (QoL) measurements in homeless people with schizophrenia, we assess the acceptability and psychometric properties of a specific QoL instrument (SQoL 18) in a population of homeless people with schizophrenia, and we compare their QoL levels with those observed in non-homeless people with schizophrenia.
Introduction
Homelessness is an increasing problem among people living with schizophrenia [1] [2] [3] . Schizophrenia is over-represented in homeless populations when compared to non-homeless populations. Indeed, the prevalence of the condition is estimated to be 11% (range 4-16%) [4] . The management of patients with schizophrenia is particularly challenging because this sub-population of the homeless is among the most vulnerable and hardest to reach [5, 6] . This group has multiple health problems, including alcohol and substance abuse disorders as well as chronic illnesses, e.g., human immunodeficiency virus, hypertension, and diabetes [7] . Treatment adherence and continuity of care in this population tends to be quite poor, and the already limited access to appropriate care [8] noted in this population is exacerbated by self-neglect and fear of being institutionalised [9] . They also have greater problems with employment, social relationships and family relationships than homeless people who do not suffer from mental illness [10] [11] [12] .
Accurate and appropriate assessment of health status is critical to determining the efficacy of treatment and more globally to medico-social programs and policies among homeless patients with schizophrenia.
One difficulty is the presence of relevant indicators that take into account the complexity of these populations' health problems and needs. Quality of life (QoL) measurements are of the utmost importance for evaluating treatment and managing care in patients with schizophrenia and offer a more global and comprehensive assessment of health status than traditional indicators (i.e., symptomatology scales) [13] [14] [15] [16] . QoL might encompass numerous dimensions for homeless patients with schizophrenia, e.g., psychological status, functional abilities, personal well-being, social interaction, economic status, vocational status and physical health [17] .
However, QoL measures have been rarely validated with homeless populations [18] . The limited access to care of homeless explains that they are not well represented in validation studies conducted in health care settings. Moreover, the lack of insurance coverage of homeless does not allow them to participate to studies in some countries. The extent to which QoL measurement remains relevant and valid for homeless patients is a crucial issue that has been insufficiently examined.
To our knowledge, only two studies have explored this issue in homeless people [19, 20] . These studies provided evidence that QoL questionnaires could be reliable/valid measures of health status among the homeless. However, these studies 1) did not specifically consider homeless patients with schizophrenia (only 18 individuals of the 250 studied suffered from schizophrenia in the study by Garcia-Rea et al. [19] ); 2) studied generic QoL questionnaires (WHOQOL-100 [19] and SF-36 [20] ); 3) did not report how the factorial structure described in the sample fit with the initial structure of the tested instrument, which is a key point when considering validity in these specific populations, who were not included in the development of questionnaires [21, 22] ; and 4) did not explore the sensitivity to change of the instruments, which is one of the most essential requirements of an outcome measure [13, 23] .
In this study, we hope to provide new data regarding the suitability of QoL measurements among homeless people with schizophrenia. To this end, we propose to assess the acceptability and the psychometric properties of a specific QoL instrument (the Schizophrenia -Quality of Life short-version questionnaire: S-QoL 18 [13, 24] ) in a population of homeless patients with schizophrenia and we compare their QoL levels with those observed in non-homeless people with schizophrenia.
Methods

Study design and population
This multi-centre prospective study was conducted in the following 4 French large cities: Lille, Marseille, Paris and Toulouse. The inclusion criteria were as follows: age over 18 years; absolutely homeless (i.e., no fixed place to stay for at least the past 7 nights with little likelihood of finding a place in the upcoming month) or precariously housed (i.e., housed in single room occupancy, rooming house, or hotel/motel as a primary residence AND in the past year have a history of 2 or more episodes of being Absolutely Homeless OR one episode of being absolutely homeless of at least 4 weeks duration in the past year); diagnosis of schizophrenia by a psychiatrist based on the Diagnostic and Statistical Manual of Mental Disorders, 4th ed. (DSM-IV-TR) criteria [25] ; and the ability to speak French. The exclusion criteria was a reduced capacity to consent [26] . Patients were evaluated at baseline (t0), and a subsample was retested at 6 months to explore sensitivity to change (t1).
Procedure
Patients were recruited by mobile mental health outreach teams over a 12 month-period. The mobile mental health outreach teams included a psychiatrist, a nurse and a social worker and were created in France in 2005 to ensure medical, psychiatric and social care for "hard to reach" homeless populations with and without severe mental disorders [27] . The professionals worked on the streets to identify and help people sleeping rough in these four cities. They provided help with immediate needs (e.g., food, access to medical care, and emergency shelter) and ongoing support to assess and address other needs, such as mental health, drug or alcohol problems. All patients that were met by a member of the team were referred to a trained research assistant who checked the eligibility criteria within 24 hours of referral. The results from the Mini International Neuropsychiatric Interview were used to confirm the diagnosis of schizophrenia given by a psychiatrist [28] . The assistant then described the study, responded to any questions the patients had and obtained written informed consent. Evaluations were performed during face-to-face interviews by the research assistant in the offices of the mobile mental health outreach teams, which were located in the downtown area of each city. Participants received twenty-one euros of food coupons for each interview. The patient completed the QoL questionnaire independently or asked for assistance to complete all or part of the questionnaire. All data were collected using netbook computer-assisted interviewing (small inexpensive laptop computers) and transferred to a highly secure central database without using the internet (EpiConcept®).
Data collection
The following data were collected from patients: 1. Socio-demographic information: gender, age and marital status.
2. Clinical characteristics: Mental Health was assessed using the Modified Colorado Symptom Index (MCSI), which has been validated in homeless individuals [29] . The MCSI contains 14 items that ask about how often in the past month an individual has experienced a variety of mental health symptoms, including loneliness, depression, anxiety, and paranoia. An index score for this scale is calculated by summing each response. Higher scores indicate a higher likelihood of mental health problems. Recovery was assessed using the Recovery Assessment Scale (RAS) [30] , which measures various aspects of recovery from the perspective of the consumer, with a particular emphasis on hope and self-determination. This self-administered instrument consisted of 24 items that explore five domains, which are as follows: personal confidence and hope; willingness to ask for help; goal and success orientation; reliance on others; and lack of domination by symptoms. A higher score indicated better recovery.
3. Quality of life was assessed using the S-QoL 18 [24] and the Medical Outcomes Study 36-item Short Form Health Survey (SF-36) [31] questionnaires. The S-QoL 18 is a selfadministered, multidimensional questionnaire developed and validated for the specific assessment of quality of life in patients with schizophrenia [13, 24] . Because the accuracy and completeness of answers to QoL questionnaires may depend on the questionnaires' difficulty and length [32] , we have chosen the S-QoL 18 which presents several important properties: the S-QoL 18 is a well-validated questionnaire based exclusively on patients' perspectives, ensuring a more appropriate content than questionnaires based on experts' determination. The items of the S-QoL 18 refer to the present time with one response option, which may be easier for individuals with schizophrenia to understand. Finally, due to its short format, the S-QoL 18 appears better adapted to schizophrenia populations, because of the difficulties in concentration and perception faced by patients with deficit syndrome or thought disorders. The S-QoL 18 consisted of 18 items that describe 8 dimensions, which are as follows (table S1): psychological well-being (PsW), self-esteem (SE), family relationships (RFa), relationships with friends (RFr), resilience (RE), physical well-being (PhW), autonomy (AU) and sentimental life (SL). From these items, a total score (index) was determined. The SF-36 is a self-administered questionnaire consisting of 36 items describing 8 dimensions, which are as follows: Physical Functioning (PF); Social Functioning (SF); Role-Physical Problems (RPP); RoleEmotional Problems (REP); Mental Health (MH); Vitality (VIT); Bodily Pain (BP); and General Health (GH). Two composite scores were calculated, the physical composite score (PCS) and the mental composite score (MCS). Dimension, index and composite scores ranged from 0, indicating the lowest quality of life, to 100, indicating the highest quality of life.
Statistical analyses
Statistical analyses were performed to explore the internal structure, reliability, external validity and sensitivity to change of the S-QoL 18. Descriptive statistics of the sample included frequencies and percentages of categorical variables and the means and standard deviations of continuous variables.
The structure of the S-QoL 18 was explored using confirmatory factor analysis (LISREL model). The following indicators were required: the Root Mean Square Error of Approximation (RMSEA) is acceptable if <0.08 and satisfactory if <0.05, the Comparative Fit Index (CFI) and the General Fit index (GFI) are higher than 0.9, and the Standardised Root Mean Square Residual (SRMR) is closer to 0. The unidimensionality of each dimension was assessed using a Rasch analysis. Item-internal consistency was assessed by correlating each item with its scale (corrected for overlap) using Pearson's coefficient (correlation of 0.4 recommended for supporting item-internal consistency [33] ); item discriminant validity was assessed by determining the extent to which items correlate more highly with the dimensions they are hypothesised to represent than with the other ones [34] . For each dimension scale, internal consistency reliability was assessed using Cronbach's alpha coefficient (a coefficient of at least 0.7 was expected for each scale [33] ). Floor and ceiling effects were reported assessing the homogeneous repartition of the response distribution. The goodness-of-fit statistics (INFIT, ranging between 0.7 and 1.3) ensured that all items of the scale measured the same concept. Differential item functioning (DIF) analyses were performed to see whether all items behave in the same way in homeless and non-homeless patients from the validation sample of the S-QoL 18 [24] .
To explore external validity, Pearson's correlation coefficients were used to investigate relationships between dimensions of the S-QoL 18 and age, SF-36, MCSI and RAS; dimension scores of the S-QoL 18 were compared across patient groups (i.e., gender and marital status) using MannWhitney tests. Several hypotheses were formulated, which are as follows: the S-QoL 18 dimension scores (1) should not differ based on socio-demographic characteristics (i.e., age and gender); (2) should be moderately correlated to the SF-36; (3) should be negatively correlated with the severity of the disease (MCSI) and positively correlated to recovery (RAS).
Sensitivity to change was assessed at 6 months on a half of the sample (the first 115 patients evaluated at baseline). Patients were classified into the following two groups: one in which health status improved (reduced total MCSI≥20%) and one in which health status did not improve (reduced total MCSI<20%) between inclusion in the study (t0) and the last evaluation at six months (t1). Effect sizes were computed. According to Samsa et al. [35] , an effect size of at least 0.2 is recommended as the standard for supporting sensitivity to change. Scores were also compared using paired t-tests.
Acceptability of measuring QoL was tested using the following indicators: proportion of spontaneous refusals of homeless people to answer the S-QoL18 and the percentage of missing values for the S-QoL 18. Direct observation of the research assistants provided complementary information (i.e. commentaries and reactions of patients during the QoL assessment) [36, 37] .
Finally, the QoL of homeless patients was compared with 236 non-homeless French age-(± 2 years) and sex-matched (from the validation sample of the S-QoL 18 [24] ) patients using Mann-Whitney tests.
Data analyses were performed using the PASW 17.0.2 and LISREL software.
Ethical Approval
The study was carried out in accordance with the principles of the Declaration of Helsinki, 6th revision [38] . We received written consent from all the participants of our study. The Local Ethics Committee (Comité de Protection des Personnes SudMéditerranée V, France: trial number 11.050) and the French Drug and Device Regulation Agency (trial number 2011-A00668-33) approved this study.
Results
Sample characteristics
Of the 249 eligible patients, 236 (94.8%) completed the SQoL 18. The mean age of the sample was 37.9 years (standard deviation = 10.8); in addition, 86.9% of the sample were male and 94.0% were single. The patients' clinical characteristics (MCAS, MCSI and RAS) and SF-36 scores are presented in table 1. The mean dimension/index scores of the S-QoL 18 among homeless patients are provided in table 2.
Construct validity, internal structural validity and reliability
All of the details are provided in table 2. The eight-factor structure of the S-QoL 18 was confirmed by confirmatory factor analysis. All of the indices from the confirmatory LISREL model were satisfactory (RMSEA = 0.035, CFI = 0.95, GFI = 0.99 and SRMR = 0.015). The overall scalability was satisfactory. All of the items showed a good fit for the Rasch model in each dimension, and none of the items had a statistical INFIT outside the range of acceptability. Item internal consistency was satisfactory for all dimensions, and each item achieved the 0.40 standard (ranging from 0.42 to 0.77), except for the RE dimension. The correlation of each item with its contributive dimension was higher than that with the other dimensions for 5 of the 8 dimensions (item discriminant validity), which are as follows: SE, RFa, RFr, PhW and AU. Cronbach's alpha coefficients were higher than 0.70 (from 0.73 to 0.88), indicating satisfactory reliability, with the exception of 3 dimensions, which were higher than 0.60 (SE, RE and SL). Floor effects were less than 20%, except for the RFa, RFr and SL. Ceiling effects ranged from 2.2 to 12.4%, with the exception of the PsW. Based on the definition of the DIF, all items behaved in the same way between homeless and non-homeless patients.
External validity. All of the details are provided in table 3. The S-QoL 18 index was significantly correlated with all of the SF-36 dimension scores (r=0.21-0.53, all p-values<0.01). As expected, the correlations were weak for RFa, RFr, RE, AU and SL dimensions of the S-QoL 18, which were not assessed by SF-36. The PsW and SE dimensions of the S-QoL 18 showed medium to high correlations with the psychological-like dimensions of the SF-36 (i.e., SF, REP, MH and MCS). In the same way, the PhW dimension of the S-QoL 18 showed medium to high correlations with the physical dimensions of the SF-36 (i.e., PF, RPP, VIT, BP and PCS).
As expected, S-QoL 18 dimension scores did not reveal any statistical significant link with gender, age and marital status (all p-value > 0.05), except for one dimension and gender (RFamale 35.8 (SD = 30.3) vs. female 22.9 (SD = 27.9), p=0.029).
Higher QoL levels were globally associated with lower levels of clinical severity and improved recovery. All of the S-QoL 18 dimension scores were negatively correlated with the MCSI, with correlations scores ranging from -0.61 to -0.20, except for the RFa dimension (r = -0.17). The highest correlations involved the psychological dimensions (i.e., PsW=-0.56 and SE=-0.61; p<0.01) and the index (-0.55; p<0.01). The S-QoL 18 index was significantly correlated with all of the RAS dimension scores (r=0.31-0.64, all p-values<0.01). The S-QoL 18 dimension scores were more highly correlated with RAS scores when the same types of domains were assessed: SE and RE were correlated to personal confidence/hope and willingness to ask for help, RE was correlated with goal and success orientation, and RFr was correlated with reliance on others. Sensitivity to change. Of the 115 patients who were expected to be retested at 6 months, 90 were evaluated (78.3%). Thirty-seven (41.1%) patients were improved and 53 (58.9%) were not improved based on the MCSI cut-off. Of patients whose health status improved at 6 months, significant improvements between baseline and 6 months (p<0.05) were found for 4 dimensions (PsW, SE, RFa and SL) and the index. S-QoL scores showed an ES higher than 0.2 for 6 dimensions (PsW, SE, RFa, RFr, RE and SL) and for the index score (table  4) . To the contrary, of the non-improved patients, no significant differences were found between baseline and 6 months, except for the SL dimension with an ES higher than 0.2.
Acceptability of measuring QoL. At the baseline, the percentage of patients who did not complete the QoL questionnaire was 5.2% (13/249), and the missing data for the different dimensions of the S-QoL 18 never exceeded 5%.
According to research assistants, the homeless were globally satisfied to be receiving a QoL assessment. The questionnaire seemed to be considered by homeless individuals as a basis for discussion of topics they considered important and were too rarely explored by professionals. Homeless individuals reported that three domains were not assessed by the S-QoL 18, which are as follows: 1) administrative and financial problems which prevent them from accessing social and housing aids, 2) living conditions and housing and 3) problems related to the "communication life area" especially when their native language was not French.
Comparison of QoL levels between homeless and nonhomeless people with schizophrenia. The mean dimension/ index scores of the S-QoL 18 were compared with French ageand sex-matched non-homeless patients (age = 37.9 years ± 10.7; 205 men) in Figure 1 . All of the S-QoL 18 dimension and index scores were lower in homeless patients than in nonhomeless patients with schizophrenia. These differences were significant for 5 dimensions (SE, RFa, RFr, RE and SL) and the index score.
Discussion
The assessment of QoL has received an increasing amount of attention as an outcome parameter in schizophrenia research; however, whether the QoL measurement is relevant among homeless patients with schizophrenia and to what extent it remains valid in this context are major considerations. Consistent with two previous studies [19, 20] , our results provide evidence to support the conclusion that homeless patients with schizophrenia answer the QoL questionnaire reliably and consistently with satisfactory psychometric properties.
With regard to construct validity, the confirmatory factor analysis showed that the structure performed among the homeless individuals matched the initial structure of the S-QoL 18. The unidimensionality of each of the 8 dimensions was supported by satisfactory INFIT statistics. Item internal consistency was satisfactory for all dimensions, with the exception of 1 dimension. Item discriminant validity was less satisfactory (5 among 8 dimensions). However, the overlap was particularly low for the 4 other dimensions (PsW, RE and SL). Cronbach's alpha coefficients were satisfactory for 5 of 8 dimensions (> 0.70). However, concerning the 3 other dimensions (SE, RE and SL), Cronbach's alpha coefficients were acceptable (>0.60). Floor and ceiling effects were also globally acceptable compared to the initial reference population. Finally, no difference was found for item functioning, independent of the homelessness status. Although the properties of the instrument were less satisfactory in our severely ill population (high need level, higher severity of schizophrenia, poor literacy and drug and alcohol intoxication) than in the general population with schizophrenia, these properties were still acceptable according to general standards [24] . External validity, which was explored by using sociodemographic characteristics and established psychiatric and QoL measures, globally confirmed our assumptions. As expected, we did not find any association between age and QoL consistent with the results of previous studies [15] . In our study, however, women had lower QoL scores than men for the Relationships with Family dimension. This finding is in accordance with the validation study [24] . We found that S-QoL scores were negatively correlated with the severity of symptoms (MCSI). However, these correlations were moderate in strength, stressing the particular interest of relying on QoL measurement to complement the clinical approach, which does not encompass the entire experience of patients facing chronic illness. Finally, the relationships between QoL and recovery confirm results from previous studies [39] . The correlations were logically moderate because recovery can be considered to be a combination of both objective clinical recovery (i.e., symptomatology and functioning) and subjective recovery (i.e., QoL).
Another important finding is the acceptability of the S-QoL 18. The rate of missing data, less than 5% for all the dimension scores, and the proportions patients who did not complete QoL questionnaire, 5.2%, were particularly low. Several explanations can be proposed. The S-QoL 18 is one of the shortest instruments among recent QoL measures for use in schizophrenia [24] . According to several authors, a short form of the scale is frequently associated with improved acceptability [40] . Moreover, the content of the S-QoL 18 may be particularly relevant for patients with schizophrenia because its content was ensured by the initial development of the items in the SQoL 41 on the basis of in-depth interviews with patients suffering from schizophrenia [13] . However, the qualitative approach stressed that some domains were not assessed by the S-QoL 18, suggesting that appropriate measures of these areas should be added to the S-QoL18. In line with our findings, a recent qualitative study conducted with 140 homeless individuals confirmed that administrative and financial problems and living conditions or housing are areas of great importance in QoL of homeless [41] . More globally, this finding raises the problem of loss of information from short-form measures that privilege practical considerations and acceptability (i.e. less constraints on respondent burden), calling the development of computerized adaptive testing to find the accuracy of long-form measures in the years to come [42] .
The final property of the S-QoL 18 was its sensitivity to change. This property is of great importance for clinical followup and also for the evaluation of interventional studies among homeless individuals. The Index and 4 dimensions were significant over a six-month period and an ES>0.2 were found for 6 dimensions and the index. S-QoL 18 can thus be considered efficient to detect sensitivity to change (of note, this property is rarely assessed in other QoL questionnaires), confirming previous findings on the S-QoL [13, 24] . This finding is in accordance with previous studies that suggest specific instruments such as the S-QoL 18 are better able to detect small but clinically relevant improvements [17] . Concerning the two dimensions which were not significant (i.e., ES < 0.2; PhW and AU), the changes were, however, more important than those in the non-improved group. Moreover, we may hypothesize that a significant improvement of these two dimensions requires a period longer than 6 months.
Finally, a last important result from our study is that homeless patients with schizophrenia experienced particularly low QoL levels in comparison with non-homeless patients across multiple QoL dimensions (SE, RFa, RFr, RE and SL). We may hypothesize that being homeless worsens the QoL in persons with schizophrenia who already have particularly low QoL levels, suggesting that homelessness amongst patients with schizophrenia is a double jeopardy. This hypothesis should be confirmed using longitudinal data. Moreover, we may hypothesize that healthcare and housing management in France for homeless people with mental disorders is not sufficient, despite the numerous available services (e.g., universal health coverage, mobile mental health outreach teams, social assistances, and housing, among others).
Limitations and perspectives
Although our findings are striking, some limitations of this study must be considered.
Even with the large overall sample size of this multi-centre study, the sample may not have been representative of the homeless population with schizophrenia. Because our study took place in large cities, our findings may not generalise to homeless people living in smaller cities in which life conditions and needs may be different. However, our study included southern and northern cities, thus taking into consideration socio-economic, cultural and climatic differences.
Second, validity is considered present when the measurement predicts an external criterion based on a gold standard. In the case of QoL, there is no gold standard and the instrument is considered valid if it consistently fits a series of related construct. In our study, we made comparisons with other measures of quality of life (SF-36), symptomatology (MCSI) and recovery (RAS). Although this choice can be debatable, it can be assumed that our assumptions based on the relationships between the S-QoL 18 and these 3 scales are both reasonable and pragmatic.
Third, sensitivity to change should be further explored. Indeed, despite our encouraging results, a methodological problem remains in the definition of clinical improvement for patients with schizophrenia using the MCSI. Because there is no generally accepted cut-off for the MCSI, we chose an arbitrary cut-off based on the one usually used for the PANSS total score (20%) [43] . Sensitivity to change should thus be assessed using other cut-offs, and other methods should be used to define clinical improvement. However, given the magnitude of the effect sizes in our study, it is arguable that our results would remain satisfactory.
Fourth, an important perspective of our work would be to determine whether our findings depend on site, especially because the study procedures were not standardized between sites. This issue should be explored in future studies on larger samples using in particular recent suitability indices proposed to compare psychometric properties between samples [21, 22, 32] .
Finally, important data concerning external validity were not collected in our study because some assessments are too complex to conduct in this population (e.g., the determination of disease duration and other clinical scales, such as the Positive and Negative Syndrome Scale for symptomatology). Future studies should specifically address these issues.
Conclusion
These results support the validity, reliability and sensitivity to change of the S-QoL 18 for evaluating QoL in homeless patients suffering from schizophrenia. These data confirm that the S-QoL 18 can provide a useful means, in addition to conventional outcome measures, for assessing/monitoring needs and health in this challenging and understudied population. The assessment of QoL could thus be more widely implemented without concerns regarding the adequacy of using such assessment tools in homeless patients with schizophrenia. Table S1 . List of S-QoL 18 items. (DOCX)
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